ABSTRACT
Background No studies have assessed the incidence of craniocervical arterial dissections (CCADs) and its association to mortality in hospitalized patients with a primary diagnosis of atraumatic subarachnoid hemorrhage (SAH) requiring aneurysmal repair. We hypothesize that the incidence of CCADs in these patients has increased over time as well as its association to mortality. Methods We conducted a 9 year retrospective assessment of the incidence of CCADs in patients hospitalized with a primary diagnosis of an SAH requiring repair and the effect of CCAD on mortality. Using the Nationwide Inpatient Sample (NIS), we queried records from 2003 to 2011 for an ICD-9 (International Classification of Diseases-9) code corresponding to admissions for atraumatic SAH. Demographical data, incidence of CCADs, type of aneurysmal repair, length of hospital stay, and hospital mortality were recorded. Multivariate logistical regression models were fitted to assess for the impact of CCAD on inhospital mortality and morbidity. Results During the period 2003-2011, of the NIS reported 18 260 patients who required aneurysmal SAH repair, 9737 (53.32%) underwent endovascular coiling and 8523 (46.48%) had surgical clipping. There were 131 patients in the cohort with reported CCADs: 94 (71.75%) of these patients had received endovascular coiling repair and 37 (28.25%) had undergone surgical clipping repair. Patients who underwent endovascular coiling had a higher rate of CCADs in this cohort (OR 2.94; 95% CI 2.00 to 4.31, p<0.0001). The incidence of CCADs in this population increased by an average rate of 9.4% per year (OR 1.14; 95% CI 1.06 to 1.23, p<0.0006), from 0.49% in 2003 to 1.10% in 2011. The diagnosis of CCAD added 3 and 6 more days to median length of hospitalization stay for surgical clipping and endovascular coiling, respectively. The unadjusted rate of mortality was 8.4% in the CCADs subgroup, and the presence of CCAD was not a predictor of mortality in our multivariate regression model (OR 0.68; 95% CI 0.36 to 1.27, p=0.2244). Conclusions Our study indicates an annual increase in the incidence of CCADs in patients admitted with SAH who require aneurysmal repair. More than two-thirds of these patients that developed CCADs had undergone endovascular coiling repair. A diagnosis of CCAD increased the length of hospital stay but had no statistically significant association with mortality in this patient population.
INTRODUCTION
Craniocervical arterial dissections (CCADs) can occur from traumatic neck injury, 1 spontaneously, [2] [3] [4] secondary to underlying aneurysms, 5 or as a complication of endovascular intervention. 6 7 Small studies have demonstrated a relatively benign natural history for CCADs from any etiology. 7 8 However, there is very little literature that has specifically assessed the incidence and morbidity of CCADs in the population of patients with atraumatic subarachnoid hemorrhage (SAH) requiring aneurysmal repair. [9] [10] [11] [12] The standard of care for patients with suspected aneurysmal SAH generally involves diagnosis using digital subtraction angiography followed by securing the aneurysm in suitable candidates with either surgical clipping or endovascular coiling. 13 Modification of the Seldinger technique to access the cranial vasculature carries a risk of CCAD, [14] [15] [16] which may impact morbidity and mortality.
In this study, we used the Nationwide Inpatient Survey (NIS) to define the incidence of CCADs in patients admitted with a primary diagnosis of SAH and requiring aneurysmal repair, as well as the associations between CCADs and treatment metrics, such as mortality and hospital length of stay (LOS). We also examined whether a significant difference exists between the incidences of CCADs in SAH patients who underwent endovascular coiling repair compared with surgical clipping.
METHODS

Data selection and outcome variables
The NIS databases were obtained from the Agency for Healthcare Research and Quality's Healthcare Cost and Utilization Project. This database represents approximately 20% of patient admissions every year at non-federal hospitals. Results were investigated from 2003 to 2011, the last year with available data.
Hospitalization patient records were selected from the NIS database using the Ninth International Classification of Diseases Clinical Modification Codes (ICD-9-CM) for atraumatic SAH (430) along with procedure codes for aneurysmal surgical clipping (39.51) and endovascular coiling (39.79, 39 .72, or 39.52). Selection of these aneurysm codes has been previously validated. [17] [18] [19] CCADs were identified based on ICD-9 codes 443.21 or 443.24.
Also collected were patient demographics (age, sex, race, primary payer, year of surgery) and hospital characteristics (region, size, urban academic vs urban private vs urban rural). The endpoints of interest were inhospital death and hospital LOS. Patients younger than 18 years were excluded. This analysis was exempt from full review by the institutional review board.
Statistical analysis
Logistic regression analyses were used to identify factors associated with in-hospital death and occurrence of CCAD. A negative binomial regression with a linear link was used to identify factors predictive of LOS. Statistical analysis was performed using the 'rms' and 'MASS' packages in the R programming language for statistical computing (V.3.0.1), both available under the GNU Public License (http://www.cran.r-project.org). For all regressions, a full model was created with all potential relevant predictors. The model was then pruned systematically using the Akaike Information Criterion, a criterion based on combined predictive power and complexity of the model, until no further pruning improved the Akaike Information Criterion.
RESULTS Demographics
Mean age of patients in the endovascular coiling treatment group was 55.29 year (mean±SD, 55.29±14.45 years) and 53.10 years in the surgical clipping group (53.10±12.98 years). In both treatment groups, women represented the majority of patients (67.67% and 68.90% in the endovascular and clipping groups, respectively). Considering ethnicity, black and hispanic patients underwent more surgical clipping, while white and Asian patients had similar rates of endovascular coiling and surgical clipping. Data on demographics, insurance type, geographical region, hospital location, and size are compared in both subgroups in table 1. Ninety-four (71.75%) of these CCADs occurred in patients who received endovascular coiling and 37 (28.25%) received surgical clipping. Patients who underwent endovascular coiling had a significantly higher rate of CCADs (OR 2.94; 95% CI 2.00 to 4.31, p<0.0001) both in bivariate and multivariate analysis (figure 2).
Incidence and epidemiology
As it related to LOS, a diagnosis of a CCAD increased median LOS by 3 and 6 days in the surgical clipping and endovascular treatment groups, respectively (figure 4).
Mortality
During the study period, in the entire cohort, there was a general downward trend in mortality (OR 0.96; 95% CI 0.95 to 0.98, p<0.0001). The overall unadjusted mortality rate was 8.4% in the CCAD subgroup. Controlling for changing annual trends, patient age, and surgery type, the presence of CCADs was not associated with increased mortality in our multivariate 
DISCUSSION
The rate of CCADs in patients who were treated for atraumatic SAH increased gradually from 2003 to 2011 (figure 2), and CCADs were more frequent in patients who required coiling compared with clipping during the study period ( figure 3 ). While the presence of CCADs were not associated to mortality, it was associated with an increase in LOS in multivariate regression analyses (figure 4).
To assess the utilization of treatment modalities throughout the course of the study, we individually calculated the incidence of treatment utilization throughout the course of the study. Data from the NIS also demonstrated an increase in the rate of endovascular coiling from 2003 to 2006, with a decline beginning in 2008 (figure 1). We approximate that the indications for the various treatment modalities has remained relatively unchanged during this period. Previous studies examining data up to 2008 also indicated increased use for the treatment of ruptured and unruptured intracranial aneurysms. [20] [21] [22] Our observation of declining rates of endovascular coiling from 2008 onward may be indicative of increased utilization of alternative endovascular therapies, such as low porosity stenting, which may have been captured using separate ICD-9-CM codes.
During the endovascular treatment of aneurysmal SAHs, there is an associated risk of catheter related CCADs, pseudoaneurysms, and other arterio-occlusive phenomena. 23 24 In patients requiring both diagnostic and interventional procedures, this risk increases. Results from our study were concordant with this fact as we demonstrated a statistically significant association between endovascular therapy and an increase in the diagnosis of CCADs ( figure 3 ). Various studies have demonstrated that the incidence of iatrogenic CCADs after neurointerventional procedures is 0.1-0.6%. 6 25-27 These cases are often only detected after ischemia related neurological decline, or by imaging if clinical suspicion exists. 6 As this was an observational study, we cannot assess causality between decision to intervene, type of intervention, and the occurrence of CCADs in this population. It is possible, however, that the presence of iatrogenic CCADs may explain the increased incidence in the endovascular treatment group compared with the open craniotomy group. Nonetheless, further prospective cohort analysis will be able to assess this relationship.
In our analysis, we demonstrated a nominal but statistically significant increased odds ratio of mortality in the treatment subgroup who required endovascular coiling therapy compared with the open craniotomy and clipping subgroup. While we cannot assess a causal relationship between our observations and intervention type, we do not suspect that there is a direct relationship. It is likely that a decision to intervene in cases that are amenable to both procedures may be based on the clinical stability of the patient. It is possible that patients who are thought to be less clinically stable, or with multiple medical comorbidities, may be biased towards the endovascular treatment subgroup. Kaku et al 28 in their treatise posited that the overall clinical gestalt major factor impacting the choice to choose a 'safer treatment' or one that provides 'decades of cure'. Similarly, Darsaut et al 29 suggested that 'poor medical condition' is a factor that is considered important in the decision between treatment modalities. Inevitably, patients' poor medical conditions may be an important factor associated with the relatively increased odds ratio of mortality.
Aneurysms of the carotid artery can be classified based on their morphology and underlying anatomical aberrances. 5 In a seminal paper on the classification of non-atherosclerotic dissecting aneurysms, Mizutani et al proposed that the type 1 classic dissecting aneurysm is most associated with SAH, and biomechanically presents with significant disruption of the internal elastic lamina. For these patients, a common treatment option is endovascular coiling, 30 31 which could also explain the association between the increased incidence of CCADs in the endovascular treatment group.
While the occurrence of iatrogenic CCADs is well described, various studies have shown good clinical outcome for patients treated via the endovascular approach. In a prospective assessment of intracranial dissections treated using the endovascular approach, Mohammadian et al demonstrated excellent return of function at long term follow-up in patients who received endovascular coiling or stenting. 32 Not surprisingly, in their series, 83% of patients co-presented with SAH, and clinical improvement was correlated to the extent of sentinel injury characterized by the initial modified Rankin Scale score. While statistical analysis did not characterize the extent of this association, patients without SAH had full return of function without deficits.
For patients with diagnosed CCADs, the treatment is usually endovascular stenting, anticoagulation and/or antiplatelet therapy, or a combination of both. 8 33-38 Although there are no randomized controlled trials assessing its utility in the treatment of CCADs to date, antiplatelet therapy is employed by many clinicians as part of their treatment strategy based on the recommendations of the Cervical Artery Dissection in Ischemic Stroke Study Groups. 39 At our center, common practice is close observation of treated patients for several days in the event of aggressive anticoagulation or complications related to therapy. An increased hospital stay is generally required while transitioning to long term anticoagulation for non-occlusive dissections. If this is the general treatment strategy of clinicians nationally, then the increase in reported LOS for these patients observed in our analysis is explained.
In general, studies on the associations between CCADs and patient mortality have been sparse. The paucity of studies on CCADs 7 may be explained by a relatively asymptomatic clinical course. In most cases, CCADs would be identifiable only by radiography, which would only be performed when it is clinically suspected. 40 We have reported that the cumulative prevalence of CCADs over the course of the study was 0.72%. Several single institutions reported CCAD incidence rates of 0.14-0.5%. 6 7 23 In 2000, Cloft et al demonstrated a 0.4% incidence of arterial dissections in a cohort of 3112 patients receiving neuroradiologic procedures (diagnostic cerebral angiogram, neurointerventional therapy). 7 In subset analyses of patients receiving only neurointerventional therapies, this incidence increased to 0.7% but was not statistically significant. Of the 12 patients who developed CCADs, one patient died within 48 h and six patients were treated with antiplatelet or anticoagulant therapy for 24-48 h. A later retrospective analysis of over 3000 patients receiving diagnostic angiography suggested an incidence of 0.14% (five patients). 23 We observed an increased incidence of CCADs over the course of the study. Due to the limitations of the NIS database, whether or not this increase in incidence is related to an increase in detection due to improved technology, or is associated with increased utilization of endovascular techniques, is not known.
Fifi et al, in their study, reported a distinct age association, with older patients demonstrating an increased proclivity for developing this complication ( p=0.03). 23 There was only one reported subacute stroke and one internal carotid artery dissection requiring stent placement for reperfusion. While the overall risk decreased with time over the course of the study, this was not statistically significant. The indications for intervention in their study were varied, with approximately 20% of the cohort presenting with a primary diagnosis of SAH and 26.9% with unruptured aneurysms. Of the five patients developing CCADs, two patients had a reported diagnosis of SAH. No patient admitted for unruptured aneurysms developed a CCAD. There were no reported data on the impact of these complications on length of hospitalization.
Similar to other studies, we demonstrated a relative benign course in patients who developed CCADs. Although an increasing incidence of CCADs was not associated with increased mortality, there was an associated increase in LOS in patients diagnosed with CCADs, and this increase was more prominent in the endovascular coil treatment group.
Limitations
This study has limitations that implicitly affect its interpretation. The diagnoses of SAH and CCADs are dependent on either clinical suspicion or standardized diagnosis protocols. Thus variability in practice throughout the period of time examined here has inevitably affected diagnosis and reporting. Additionally, increased awareness of the complication over time will also increase its reporting rates. Hospital discharge information does not differentiate between etiologies of reported CCADs. Therefore, an increasing incidence of CCADs in the context of stable SAH admissions may also be indicative of a larger proportion of traumatic or spontaneous CCADs in admitted patients.
Similar to the limitations of previous studies, 41 etiological or causal relationships between variables and outcomes cannot be entirely assumed here as our study was purely observational. ICD-9-CM codes have historically been of questionable accuracy, particularly as they may change over time. The accuracy of the ICD-9-CM codes used in our study has been validated in previous studies, with an estimated 94% probability of identifying true cases of SAH. 42 We may have also potentially missed cases of SAH not evaluated at an acute care hospital. There may also have been inaccuracies, such as the attribution of the cause of death to SAH on the basis of crude mortality data, rather than direct data from death certificates or autopsies. This analysis did not address longer term or overall SAH related mortality. Further, data on the disposition of patients at discharge may have been influenced by the overall increase in the use of and transfers to long term healthcare facilities in the USA predicated on the recent changes in insurance reimbursement and hospital overcrowding. We were also unable to examine or link mortality data beyond the hospital admission. However, in support of our results, the demographic characteristics of this group of SAH admissions were similar to those that have been identified in previous studies of SAH. [43] [44] [45] Similarly, institutional underrepresentation of CCADs will decrease the incidence of observed CCADs reported to the NIS. This becomes more manifest in asymptomatic cases as the lack of clinical deficits in some instances decreases the clinical suspicion of CCAD for various operators. It is also possible that patients who may present with identified CCADs may not be reported due also to a benign clinical course, or if these patients were already being sufficiently medically treated.
Additionally, our data are limited by the quality of the NIS repository, but the advantages of our robust sample size are potentially offset by our inability to audit the data elements. The NIS data do not include important outcomes after hospitalizations classically used in research of SAH study groups. Despite these limitations, the NIS database is beneficial because it allows investigators to estimate national trends of several variables important for understanding the behavior of certain diseases. 46 47 The NIS does not allow us to evaluate the effects of other variables that may have confounded our observed associations, such as the time of onset of SAH, additional comorbidities, severity and characteristics of SAH, rates of do not resuscitate orders, and timing of treatments.
CONCLUSION
This retrospective analysis of NIS data assessing the incidence and mortality of CCADs in atraumatic SAH admission requiring intervention is the first long term analysis on this subject to be reported in the academic literature. Our data suggested that the incidence of CCADs gradually, yet consistently, increased in this population during the study period. This could be due to better diagnostic techniques in recent years or more frequent use of endovascular methods in aneurysmal repair. In our study population, the incidence of CCADs was significantly higher in the endovascular coiling subgroup compared with the surgical clipping group. This could be due to more endovascular interventions in these patients, resulting in higher total complications or a surgical preference in cases presenting with dissection aneurysms. While the occurrence of CCADs had no measurable associations with mortality in the population we examined, there was a statistically significant increase in length of hospitalizations. This has implications on overall cost of care and other economic metrics. As technologies continue to evolve in the treatment and diagnosis of SAH, we must continually evaluate the efficacy and complication profiles of introduced therapies, such as endovascular coiling. This ensures sounds medical decision making on the part of the physician, and similarly affords patients a comprehensive understanding of risks attendant to these procedures.
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